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1The purpose of this study was to demonstrate classical
trace conditioning of the eyelid response and to observe the
effects of manipulating the trace interval and CS-lntensity
as independent variables. In trace conditioning, unlike
delayed conditioning, an interval of time separates CS-offset
and UCS-onset. With virtually all eyelid work having been
done in the delayed conditioning paradigm, there has been
very little parametric research in eyelid trace conditioning.
The mechanism of trace conditioning proposed by Pavlov
(192?) and later by Hull (19^3) Is that the CS after-effects
serve as the actual CS which becomes associated with the UCS.
Immediately following CS-offset, the after-effects, or the
stimulus trace, should be at maximum strength after which
their magnitude follows a negatively accelerated decay
function. By manipulating the strength of the CS and the
length of the trace Interval, the present study permitted a
systematic examination of the characteristics of the proposed
stimulus decay function. In analyzing the effects of length
of trace interval, a correction for random blinking was
applied which hopefully avoided the oonfounding of the prob-
ability of observing an unconditioned blink with the length
of the CR criterion Interval.
2Method
Subjects—The Ss were kQ male and 43 female undergraduate
students recruited from the introductory psychology course at
the University of Massachusetts.
Apparatus,—The apparatus tos the same as that used by
Moore and Newman (1**)* The ||| room contained two identical
enclosures which allowed for 1 or 2 Ss to be run a session,
eaoh with identical stimulating and recording components. The
1 sat witn hls hea <* positioned on a chin rest and faced into
the white enclosure. Centered in the ceiling of each enclosure,
about | inches above and 12 inches in front of the S*s head,
was an impedance matched speaker which provided the CS and a
continuous white noise of 60 db SPL. A Hewlett-Packard oscil-
lator (Kodel 200 ARB) and an audio-attenuator (Model 350D) were
used to generate the tones. A Grayson-Stadler noise generator
(Model 455-C) provided the white noise. The S wore a Valtke
elastic headband supporting an air .jet with a 1/16 inch orifice
and a mini torque potentiometer which picked up movements of
the S»s right eyelid. Signals from the potentiometer were
amplified and recorded by an Offner Dynagraph (Type RP). Paper
speeds of 100 mm/sec. and I.67 mm/sec. were used for on-trial
and intertrial periods, respectively. A Western Union Tape
Transmitter controlled the intertrial intervals and activated
3 Hunter timers which controlled the duration of the CS, UCS,
and the trace interval. The duration of the CS i»s 200 msec.
The trace, an independent variable, was either 500, 1000, or
32000 msec. On reinforced trials, the trace interval was
immediately followed by the UCS, a 50 msec, puff of compressed
nitrogen delivered to the right cornea. The UCS intensity
was sufficient to support an 80 mm. column of mercury in a
lA-inch manometer.
PeGi^ Procedure . —The 96 Ss were assigned randomly
into the 12 cells, of 3 Ss each, of a split-plot or "mixed"
design consisting of three "between" and two "within" variables.
The independent variables between Ss were (a) trace interval
(three levels), (b) the two recording channels, and (c) sex.
Recording equipment and sex were treated as independent var-
iables primarily to reduce error variance in the statistical
analysis. These 3 variables constituted the 3x2x2 factorial
design.
The independent variables within Ss were CS-intensity
and block of trials, CS-intensity on each trial was a tone
of either ?0 t 30, or 90 db SPL at 800 cps. These intensities
were presented in one of two different random schedules each
of which were used for one-half the Ss in each group. In
each schedule the three Intensities occurred equally often
within each block of til acquisition trials and in extinction.
There were no more than three successive trials with the same
CS-intenslty. In the data analysis, the ?2 acquisition trials
were divided into 3 blocks of 2k trials each.
Subjects were read the instructions over an intercom
immediately before trial one. These were similar to the
"neutral" instructions used by Gormezano and Moore (1962),
Next, the S received the 72 acquisition trials, 75^ 0f which
were reinforced according to a schedule whereby there were
18 reinforced trials in each block of 24 trials. Also, within
each block of trials each OS-intensity was reinforced on 6 of
its 8 presentations. Choice of nonrelnforced trials was random
within these restrictions. Partial reinforcement was used to
avoid performance levels so high as to mask any differences
among groups. The 13 extinction trials in which the UCS was
omitted followed Immediately after acquisition. The ITTs were
equally and randomly varied among 15, 20, and 25 sec. -aoh of
the two schedules of CS-intensities had its own independent
ITI schedule.
Response criteria .—A CR -was defined as an upward deflec-
tion of the response pen of at least 1 mm, occurring no sooner
than 150 msec, after CS-onset and no later than UCS-onset.
An 3 was scored on the basis of the proportion of trials on
which he showed a CR. The three raw scores per trial block
for a given S indicated the proportion of the trials at each
CS-lntensity that contained at least one blink in the CR
criterion interval. There were 9 such scores for each in
acquisition and 3 In extinction. As pointed out by Frokasy,
Ebel, and Thompson (1963) t CR definition is difficult when the
ISI is manipulated because a longer ISI, or trace interval here,
increases the chance for a "spontaneous" blink to fall in the
CR interval. Therefore, the number of blinks which occurred
5during the 10 sec. immediately before each trial was recorded
for use as an estimate of the g*ft momentary "spontaneous" blink
rate.
All data was analyzed both in its raw percentage form and
as corrected percentage scores. The assumption was made that
each raw score contained ft component due to actual conditioning
plus some independent probability of a "spontaneous" uncondi-
tioned blink falling within the CR criterion interval. Given
the existence of this type of inflation, it is evident that
the scores from the three trace intervals received different
amounts of the inflation in the ratio lt2t& for trace intervals
of
.5, 1, and 2 sec, respectively.
The correction consisted of subtracting from each raw
score that proportion of it due to the inflation produced by
normal periodic blinking. The number of blinks during the 10
sec. immediately prior to each trial was counted and divided
by the number of intervals equal in length to the on-trial
trace interval contained in 10 sec. For example, if the 10
sec. preceding a trial for an S in the 500 msec, group con-
tained 10 blinks, this would, be divided by 20, the number of
500 msec, intervals, yielding .5 blinks per 500 msec, interval,
i.e., 50;t responding. The result was taken as an estimate of
baseline blinking at the time the trial occurred. This pro-
portion was subtracted from each raw score yielding a corrected
percentage score. The equation of a corrected percentage
score for S trials is presented below. The formula is for one
6combination of OS-intensity and block of trials within an S.
The number of equal sized intervals in 10 sec., y, is equal
the second term not to exceed 1.00 in absolute value.
To provide the adjustment for unequal CR criterion inter-
vals, y gets smaller in the ratio *M2:1 as one corrects longer
trace intervals which carry inflations in the ratio lt2j*J-. |
raw soore could not exceed 100<£ since a CR was defined as the
occurrence of at least one blink in the specified interval.
However, the second term of the equation could exceed 100%
whenever the average number of blinks per interval exceeded 1.
Therefore, in making the corrections, the second term of the
equation was treated as being equal to 100^ whenever it actually
exceeded that amount. In this manner the correction term
received the same restriction as did the raw score, namely
that there cannot be a probability greater than 1.00 of any
given interval containing at least one blink. Even with this
restriction, a corrected score could be negative, indicating
that the estimated probability of a blink falling in a given
on-trial interval was less than that for a pre-trial interval
of equal length. It was thereby possible for a corrected score
to have any value between -100$ and +100^,
to 20, 10, or 5 for .5, 1, and 2 sec. trace intervals, respec-
tively.
1 if at least 1 blink falls in the CR interval.
0 if no blinks fall in the Interval.
Corrected score » -q
7Results and Discussion
Trace Interval .—in acquisition, uncorrected percentage
of CKs was found to be a U-shaped function of trace interval.
While the overall difference araont trace Intervals was not
statistically significant, virtually all of the variance could
be accounted for by the quadratic trend component, F (1, 84) m
1.83» £<.20. Corrected percentage of CRs in acquisition was
a linear decreasing function of trace Interval. As shown in
Figure 1, the effect of the correction was to lower all curves
with the greatest reductions coming at the longer trace inter-
vals. The overall difference among groups in this case was
highly significant, F (2, 84) * 19.25, p<.001, and the linear
trend component accounted for almost all of this variance,
| |1| 84) m 38.48, p<.001.
In an early demonstration of eyelid trace conditioning,
Bernstein (193*0 used trace intervals of 100, 200, 250, 300,
500, 1000, and 1.480 msec. He reported greatest mean response
frequency with the 300 msec, trace interval, but was unable to
find a significant difference for any intervals between 300
and 1480 msec, over the course of 50 trials, Reynolds (1945a)
ran groups at trace intervals of 250, 450, 1150, and 2250 msec,
for 90 reinforced trials. On the basis of terminal response
level, he found a signifleant gradient of response strength
ascending as an inverse function of the length of the trace
interval to an observed maximum at 450 msec. The results of
the present study reveal a trace interval function similar to
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9that found by Bernstein and Reynolds provided the corrected,
scores are used. The trace interval function is also in
close agreement with Kimble's (1961) summary of several studies
of ISI in delayed conditioning. Thus, with the correction
applied to the data, lengthening the trace interval seems to
be roughly the same procedure as lengthening X3I in delayed
conditioning except that the asymptotes in this study may be
somewhat lower. However, the finding of a linear drop in
responding with longer trace intervals does not correspond
with the curvilinear function proposed by Hull (19^3). Frevious
studies employing delayed conditioning and 100$ reinforcement
over the range of ISIs used in this study have reported curvi-
linear functions (e.g., McAllister, 1953 )• These reports of
a curvilinear ISI function probably refleot a bias due to in-
adequate correction for "spontaneous" blinking.
As shown in Figure 1, the uncorrected percentage of CRs
elicited during extinction varied as a linear increasing
function of acquisition trace interval, F (1, 6fc) « ^.58,
£<«05» with more responses at the longer intervals. However,
extinction response level cannot be properly studied without
the correction since the scores for the different trace inter-
vals drop from unequally inflated asymptotes. Corrected ex-
tinction scores indicated that trace was a very potent variable,
F (2, 8*1) 1 12.68, £<.001. The linear trend component for
corrected scores accounted for almost all of the variance due
to trace in extinction, F (1, 84) * 2^.85, £<.001 t whereas
the overall effect for uncorrected scores was not significant.
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Moreover, the correction reversed the linear trend observed
with raw scores. As is evident from the figure, there was a
greater loss in level of responding during extinction at the
500 msec, trace interval than there was at either of the other
two intervals, with or without the correction.
CS-lntenslty..--CS-intenslty in acquisition was a potent
variable before the correction, F (2, 168) « 10.01, d<.001;
and after the correction as well, F (2, 168) « 8.33, £<.001.
The tendency in both cases was for the more intense CSs to
elicit greater responding, and it can be seen in Figure 1 that
this effect is due primarily to lower responding to the weakest
CS of 70 db. Neither type of score revealed significant effects
of CS-intensity in extinction. The results agree with the
findings of Beck (I963) and Grioe and Hunter (1964) that CS-
intensity is an effective variable withln-Ss.
Trials.—Raw percentage of CRs increased over blocks of
trials, F (2, 168) m 6.58, p<.005; but this evidence of
acquisition was much greater with corrected scores, F (2, 168) =
20.20, £<.001. The reason for the added strength of the effect
with corrected scores seems to come from the 2000 msec, curve
which was horizontal before the correction but had a positive
slope after its application.
Trace interval x CS-lntenslty .—The raw percentage scores
yielded a strong Trace x CS-lntensity interaction, F (4, 168) m
3«91> £<«005, which resulted from greater differences between
CS-lntensities at the shorter intervals, with the curves for
70 db and 90 db showing a marked inversion in the 2000 msec.
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trace Interval group. After the correction was applied, the
interaction was somewhat reduced but still significant statis-
tically, P (!»-, 168) m 2.9k 9 p<.025, Again the interaction was
the result of a partial inversion of CS-intensities in the 2000
msec, trace group. A simple Hullian Interpretation would be
that the V-effect diminishes with delay of occurrence of the
UGS, The interaction effect was not significant in extinction.
Trace interval x Trials.—The Trace x Trials interaction,
marginally significant with raw scores, F (k 9 163) * 2. 18,
£<,10, vanished after the correction. The correction reduced
the interaction by giving positive slope to the 2000 msec,
acquisition curve, an alteration which made the 2000 msec,
curve more nearly parallel to the other acquisition curves.
The Implication Is that even in the 2000 msec, group there
was an orderly rise in responding similar to the curves for
the more optimal Intervals. Some Invest! ators have concluded
that conditioning does not occur at ISIs as long as 2500 msec,
(e.g., McAllister, 1953). On the basis of this type of con-
clusion, several investigators have employed an extinction
procedure which consists of merely delaying the air puff for
2 or 2.5 sec. (e.g., Reynolds, 1958). The results of the
present study indicate that Investigators might be more care-
ful in their examination of performance at long ISIs before
discounting the presence of acquisition.
CS-lntenslty x Trials .—Raw percentage of CRs revealed a
CS-intensity x Trials interaction which approaches significance,
F (k 9 336) r, I.55, £<.20. Inspection of Figure 1
shows this
12
effect to be the result of a greater CS-lntenslty difference
early in training. The effect of the correction was to Increase
this interaction, F |*4 336) - 2.30, j><.10. The fact that the
different CS-intensity levels approaoh equivalence with train-
ing implies a diminishing V-effeot, a finding which may not be
inconsistent with the Grice and Hunter (196*0 treatment of
V-effects in terms of adaptation level.
The Correction .—Using only the raw data, response strength
was found to be a U-shaped function of trace interval. The
failure to observe a monotonio decreasing function for trace
interval was in opposition to previous work in which ISI had
been manipulated. This result in itself could be taken as
support for the necessity of applying a correction to the data.
The U-shaped ISI function observed seems to depend on the
relative strengths of two opposing factors: the loss of actual
conditioning at longer ISIs and greater inflation of response
frequency by random blinking, as ISI lengthens.
No correction is mentioned in the earlier studies of
Bernstein (193*0 and Reynolds (19^5a t b) which were both con-
ducted with the trace conditioning paradigm. The likelihood
that some Inflation was present in their data Is indicated by
some of their findings, Reynolds (19^5a) found a response
asymptote of about 75# for an 1150 msec, trace interval using
a spaced trials procedure. Aside from noting that this figure
seems too high in light of more recent work (Boneau, 1958 )»
an inflation is also indicated by the high level of
responding after 25 extinction trials (Reynolds, 19 /+5t>).
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While Reynolds did find a monotonic decreasing ISI function,
his results were not shown to be statistically reliable,
Bernstein was unable to show any reliable differences among
ISIs of 300, 500, 1000, and 1480 msec, although the 300 msec,
group showed a slightly higher response rate. It seems likely
that a correction would have considerably sharpened the observed
response gradient over such a wide range of ISIs.
Using "catch" trials consisting of presentation of a 1500
msec. CS f Kimble (19^7) found an increasing function of respond-
ing for ISIs of 100, 200, 225, 250, 300, and 400 msec. All
Ss conditioned at ISIs of 300 and 400 msec, gave a CR on the
last test trial, perhaps indicating; the presence of an inflation.
However, any Inflation in the data would have been a constant
added to all groups because the same CR criterion interval was
applied to all Ss. Since all of Kimble* s ISIs were quite short
and over a narrow range, it is not surprising that the expected
ISI function was observed without a correction. Moreover, any
inflation of response rate at longer ISIs would have contributed
to the positive slope of this function.
Using the delayed conditioning technique, McAllister (1953)
ran Ss at ISIs of 100, 2 50, 450, 700, and 2500 msec, and found
an optimal ISI of 250 msec. According to McAllisters raw
data, responding decreased with ISI in the order 250, 450,
2500, 700, and 100 msec. He recognized the necessity of a
correction to remove the bias of unequal CR intervals and re-
analyzed the data by subtracting the percentage of CRs occur-
ring on the first block of trials from the percentage on each
Ik
succeeding block of trials. The corrected group scores showed
responding from highest to lowest in the order 250, 450, 100,
700, and 2500 msec. While McAllister's method of correction
has the advantage of being very simple to use, it has the dis-
advantage of sacrificing the data for the first block of trials.
In a study of the effects of shifting ISI, Boneau (I95O)
met the problem of unequal intervals by designating responses
as CRs only when they fell in those latency ranges that tended
to contain increasingly more responses during the course of
acquisition. Vhereas the present study included all blinks to
the CS as possible CRs (except alphas), Boneau's method imposes
a dichotomy on blinks between the alpha range and the onset of
the UCS by discarding all responses in the ISI that did not
fall In a pre-determined latency range. The justification for
this procedure would seem to stem from a specific theoretical
position (Logan's micromolar viewpoint; Logan, 195&).
Hartman and Grant (I962) used no correction at all in
their study of ISI in differential eyelid conditioning. How-
ever, a group with a 1000 msec. ISI had an asymptote of over
50| CRs to the reinforced stimulus. This figure seems too
high for differential training at an unfavorable ISI and pro-
bably indicates an inflation.
Ost (i960) corrected for varying ISI by subtracting the
blink rate in a comparable period of time during four CS-
alone trials prior to the occurrence of the first UCS, This
approach requires a constant blink rate over a conditioning
session. By contrast, the correction procedure used in the
15
present study Is sensitive to an?/ temporary changes in blink
rate.
Prokasy, Ebel, and Thompson (I963) introduced a procedure
of gradually shifting ISI from 630 to 2^97 msec, in six steps
while percentage of CRs was maintained close to the level of
a control group conditioned with a 630 msec. ISI. In keeping
with their idea of "shaping the response," they defined a CR
as any blink starting after an alpha cutoff and overlapping
with the UCS. This response criterion is very similar to
Boneau f s (1953); and while it provides a quick solution to
the problem of response definition, it is based on an inter-
pretation of classical eyelid conditioning in terms of instru-
mental avoidance learning. Like Boneau's method, it does not
provide a clear classification of all blinks which occur in
the ISI.
The correction employed in this study is devoid of any
theoretical position of the mechanism for classical condition-
ing. The correction yields information about relative blink
rates without Imposing any differential taxonomy on on-trial
eyelid closures other than alphas or UCRs which were discarded.
It does not sacrifice any data as was the case in McAllister*
s
method. Furthermore, the correction is specific for each
trial allowing, a flexible baseline to reflect the periodic
changes in unconditioned blink rate.
16
Summary
Three groups of 32 Ss each were run in eyelid trace
conditioning with trace intervale of either ,5, 1, or 2 sec,
for 72 acquisition trials immediately followed by 18 extinction
trials, CS-intensity was manipulated as a wlthln-Ss variable
in all Ss, Percentage of CRs was directly related to the
intensity of the CS; and, with a correction for normal blinking
applied to the data, response strength was inversely related
to trace interval. The results were in accordance wi bh those
from delayed conditioning and generally consistent with
expectations from Hull's (19^3* Chapter 11) treatment of S-R
asynohroni sm.
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Appendix A
Instructions
Please listen carefully to the following instructions.
Remain seated comfortably and keep looking directly in front
of you. Do not touch anything on your head at any time during
the experiment.
Xou will hear and feel ft series of stimuli during the
experimental session. Be careful not to control voluntarily
your natural reactions to the stimuli. Do not try to figure
out the experiment. Keep as detached an attitude as possible
and simply let your reactions take care of themselves.
You can communicate with me at any time by speaking in a
normal voice, (and if there are two Ss being run, the follow-
ing will be added) but please do not communicate with each
other. Are these instructions clear?
20
Appendix B
P-ratlos from Analysis of Variance of Uncorrected
Frequency of CRs in Acquisition
Source of Variance df F-ratio
Between-Ss t
Trace Interval (T) 2
.91
T lin 1 <#00
1 quad 1 1.83 £<.20
Sex (S) 1 9.20 £<.005
Recording Channel (C) 1 5. 31 £<.025
Tx3 2
.25
TxC • | ,63
Mi 1 .kZ
TxSxC 2 1.80 p<.20
Ss/TxSxC (MS) Qk (50.^3)
Within-Ss
i
CS-Intensity (I) 2 10.01 £<,001
IxT k 3.91 £<.005
IzS f M
IxC 1 .01
IxTxS * .60
IxTxC * »19
IxSxC % .0**
IxTxSxC .56
IxSs/TxSxC (MS) 168 (.76)
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Appendix B (continued)
Source of Variance df F-ratio
Block of Trials (B) 2 6.58 £<.005
BxT k 2.18 £<.10
BxS 2 .41
BxC 2 .82
BxTxS 4 .64
BxTxC 4
.67
BxSxC 2 2.10 £<.20
BxTxSxC % .68
DxSs/TxSxC (MS) 168 (4.46)
IxB 4 1,55 £<.20
IxBxT 8 1.04
IxBxS 4 .77
IxBxC 4 1.35
IxBxTxS 8 1.55 £<.20
IxBxTxC 8 .71
IxBxSxC 1.61 £<.20
IxBxTxSxC 8 .08
IxBxSs/TxSxC (MS) 336 (1.14)
Appendix C
F-ratios from Analysis of Variance of Uncorrected
Frequency of CRs in Extinction
Source of Variance df
iraoft interval (t) 2 2,73 2<.10
T lin 1 £<.05
T quad 1
.87
Sex (S) X ^.92 2<.05
iteooraln^; Channel ( C
)
i 2.91 £<.10
2 2.09 £<.20
SXU 9 1.37
I • 52
I 1,49
bs/TxbxC (MS J (7.6*0
Within-Sst
CS-Intensity (1) 2 2.19 £<.20
IxT 1.79 p_<,20
IxS 2 .19
IxC 2 •95
IxTxS !* 1.37
IxTxC k .16
IxSxC 2 2.85 £<.10
IxTxSxC .23
IxSs/TxSxC (liS) 168 (.9*0
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Appendix D
F-ratios from Analysis of Variance of Corrected
Percentage of CRs in Acquisition
Source of Variance df F-ratio
Between-Ss i
Trace Interval (T)
T lin
T quad
Sex (S)
Recording Channel (C)
TxS
TxC
SxC
TxSxC
Ss/TxSxC
Within-Ssi
CS-Intenslty (I)
IxT
IxS
IxC
IxTxS
IxTxC
IxSxC
IxTxSxC
2
1
1
1
1
2
2
1
2
34
2
2
2
4
IxSs/TxSxC
2
4
163
19.25
38.48
.03
8.40
.86
.40
.02
.37
1.24
(6,742.60)
8.33
2.94
.15
.14
.63
.94
<.01
.42
(266.60)
£<.001
£<.001
£<.005
£<.001
£<.025
2k
Appendix D (continued)
Source of Variance df F-ratio
Block of Trials (B) % 20,20 p<.001
BxT k .^7
BxS f .05
BxO 2 ,1b
3xTxS k .16
BxTxC h .66
BxSxG 2 l.fcO
BxTxSxG ^ ,72
BxSs/TxSxC (MS) 168 (678.00)
IxB I 2,30 £<.10
IxBxT 8 1.66 £<.20
IxBxS k ,91
IxBxC I »71
IxBxTxS 8 .96
IxBxTxC 8 1.19
IxBxSxC I i* 0?
IxBxTxSxC 8 .98
IxBxSs/TxSxG (MS) 336 (200.1+0)
25
Appendix E
F-ratios from Analysis of Variance of Corrected.
Percentage of CRs in Extinction
Source of Variance df F-ratio
Between-Sst
Trace Interval (T) 2 12.68 £<.001
1 lin % 2U.85 £<.001
I quad 1 ,51
Sex (S) % 7.06 p_<.01
Recording Channel (C) I ,18
TxS g 1,62
TxC t .89
SxC 1 .66
TxSxC 2 1,01
Ss/TxSxC (MS) 8^ (1,^62.30)
Wlthin-Sst
CS-Intensity (I) 2 1.92 £<.20
IXT % 1.37
IxS 2 .30
IxC § 1.16
IxTxS % 1.30
IxTxC * .09
IxSxC *
IxTxSxC % A
IxSs/TxSxC (MS) 168 (320.20)
26
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Append! 3: G
Uncorrected Frequency of CRs in Extinction
Group 1000 Usee • *§roup 2000 Msec • Group
7ft Oft 90 ou yu EHr 70 oO 90
0 1 1 12 6 4 6 7 0 0 0
0 0 2 30 0 1 0 35 2 3 3
-*
1 3 2
-
61 0 0 0 55 3 2
1 1 88 0 0 0 On89 3 2
1 0 0 % 3 1 2 14 0 1 0
0 1 1 6 1 2 1 42 1 4 1
6
*
6 6 51 1 1 2 63 0 1 1
Ml
1 0 0 78 0 0
•*
i nil 2 1 1
0 0 0 13 2 3 3 29 5 2
0 0 0 3 5 50 6 4
0 3 2 62 3 5 90 I 3
0 i n 91 3 1 5 98 1 2 2
o 0 1 4<5 2 1 1 22 6 6 6
0 0 0 2 3 2 43 0 0 0
2 1 1 79
I
b
71 3
1 3
E 97 4 2 M 95 2 2 *r
6 6 6 16 3 6 6 26 3 4 4
0 l 2 33 2 1 1 30 2 3 2
2 6 i 48 0 2 2 80 0 0 1
1 if 2 66 1 2 101 1 3 1
3 l 3 23 0 0 0 21 4 2 3
3 2 31 1 1 1 57 1 3 i
0 0 0 44 6 6 5 92 5 5 *
3 1 2 86 0 0 1 100 3 3 2
c.
05
s
H
25
-i 40
h 53
i 76
1 18
o 60
68
83
2
CM
46
54
rH
1 34
1 11
1 37
69
103
H
rH
W
2
7
35
99
1 10
I 27
67
72
CM
20 0 3 2 17 4
41 2 5 2 34 2
75 0 1 0 39 0
96 6 6 6 77 1
19 2 2 3 5 3
28 2 1 1 24 0
59 5 2 3 52 2
73 5 5 5 87 2
3
4
2
6
3 2 9 3 2
3 3 36 3 5
2 2 81 6 3
3 3 102 65
4 2 15 3 * 3
0 0 58 555
1 1 64 5 o3
2 1 93 10 0
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Appendix H
Corrected Percentage of CRs In Acquisition
500 Msec. Orouio - Males
Trials 1- 24 Trials 25.-48 Trials 49 -72
Si 70db 80db 90db 70db 30db 90db 70db 30db 90db
25 - 1.3 13.1 38.1 31.9 41.9 28.1 46.9 32.5 60.6
18.7 13.1 2Q 4cy . *+ 77.5 40.0 jo . X 91.2 37.5 OT Qy 1 • y
53 -15.
6
0.6 - 8.1 18.1 - 4.4 11.9 53.7 64.4 50.0
76 92.5 37.5 93.7 92.5 94,4 95.6 96.2 95.6 97.5
18 4.4 -20.6 -21.3 12.5 24,4 31.9 - 1.9 25.O 10.6
60 ^3.7 15.6 20.6 21.9 56.9 - 4.4 21.7 - 5.6
68 65.0 62.5 60.0 67.5 71.9 63.7 61.2 7^.4 55.0
83 - 9.^ - 7.5 5.0 - 9.4 -11.9 - 3.1 -13.1 1.2 -11.3
1
JS
c
3
o
O
m
2 33.7 32.5 60.6 18.1 20.0 20.6 1.2 17.5 - 4.4
CO
H
46 - 3.8 - 2.5 - 4.4 - 1.9 - 1.9 0.0 11.2 - 1.3 - 0.6
i 5^ 26.9 18.1
24.4 75.6 73.1 80.0 57.5 88.7
34 18.1 21.2 68.1 36.9 28.7 25.O 48.1 55.0 55.6
X
—J
11 33.1 30.6 28.1 56.9 85.O 60.6 31.9 89.4 84.4
ord: 37 -13.1 - 6.9 -15.0 - 5.6 -20.0 -16.9 -16.9 -15.6 -23.8
PC 69 71.9 41.9 31.9 20.6 21 # 2 55.6 20.0 63.1 33.1
103 15.6 68 .
1
56.9 70.6 81.9 32.5 69.4 83.7 83.1
31
Appendix H (continued)
Corrected Percentage of Grs in Acquisition
500 Msec. Group - Females
rH
2
CM
to
3
t
o
o
o
Trials 1*24 Trials 25-48 Trials 49-72
C -' OUuD 90do 70db 80db 90db 70db 80db 90db
32 50.6 58.1 85.6 35.6 59.^ 83.7 81.2 86.2 8I.9
- 1 .y JJjJ.l 57.
5
- 1.3 23.7 36.2
85 40.0 66.2 15.6 81.2 80.0 93.1 91.9 91.2 91.9
99 4.4 28.7 27.5 1.9 40.6 29.4 41.2 56.2 43.7
10 35.6 |M 71.9 61.2 74.4 47.5 72.5 68.1 73.7
27 36.9 76.9 85.6 91.9 93.7 93.7 89.4 88.1 90.6
67 - 5.0 -11.3 - 9.4 9.4 - 6.9 - 6.9 - 4.4 - 4.4 6.9
72 -10.6 26.9 29.4 76.9 76.9 63.7 77.5 33.7 86,2
20 17.5 60.0 32.5 46.2 74.4 71.9 60.0 35.6 43.1
41 ^0.6 71.2 7^.0 78.7 78.1 48.1 74.4 76.9
75 -15.6 6.9 35.6 38.1 1.9 2<.6 - 8.3 -12.5 18.1
96 22.5 43.1 45.6 7^.4 72.5 83.1 63.1 35.0 81.2
19 56.2 66.2 79.4 35.0 85.6 88.1 43.6 53.1 80.6
28 53.1 57.5 53.7 73.1 74.4 85.O 85.6 63.7 87.5
59 81.9 70.0 88.1 35.0 77.5 82.5 80.0 83.1 76.9
73 61.9 52.5 54.4 84.4 73.7 80.6 73.1 84.4 86.2
32
Appendix B (continued)
Corrected Percentage of CRs In Acquisition
1000 Msec. Group - Males
Trials 1-24 Trials 25-48 Trials 49-72
3; ?0db 80db 90db 70db SOdb 90db ?0db 80db 90db
12 33.? 55.0 51.2 50 .
0
78.7 82.5 42.5 10.0 55.0
H 33 - 1.3 - 1.3 0.0 - 5.0 - 7.5 - 3.8 - 3.3 • 1.3 - 1.3
1-1
61 - 5.0 -11.3 -10.0 - 5.0 6.2 -15.0 -22.5 —22
. 5 - 3.8
88
-17.5 -10.0 - 7.5 - 7.5 - 8.8 -13.8 - 3.8 5.0 -17.5
1 4 - 2.5 42.5 22.5 - 8.8 58.7 -18.8 20.0 0.0 32.5
>rdi 6 - 5.0 -20.0 - 3.8 - 6.3 13.7 -18.8 6.2 -23.8 -35.0
1
51 7.5 20.0 -13.8 0.0 51.2 36.2 8.7 2.5 30.0
78 -27.5 -22.5 -32.5 -27.5 -21.3 -22.5 -21.3 -23.8 -18.8
13 41.2 65.0 67.5 18.7 60.0 77.5 80.0 85.O 70.0
CM 49 7.5 33.7 15.0 63.7 56.2 47.5 80.0 56.2 43.7
| 62 - 2.5 16.2 -26.3 56.2 58.7 41.2 40.0 63.7 50.0
|
91 6.2 10.0 - 3.8 -15.0 -16.3 -17.5 1.2 0.0 31.2
45 -15.0 -30.0 2.5 3.7 -16.3 -28.8 -20.0 -11.3 -33.3
! 65
-10.0 - 6.3 -10.8 6.2 11.2 23.7 — 8.8 1.2 51.2
79 7.5 27.5 45.0 13.7 62.5 57.5 58.7 52.5 52.5
97 42.5 17.5 44.1 22,5 65.O 17.5 42 . 5 23.7
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Appendix H (continued)
Corrected Percentage of CRs In Acquisition
1000 Msec, Group - Penales
Trials 1-24 Trials 25-48 Trials 49-72
u -12.5 37.5 - 6.3 30.7 56.7 48.7* * 58.7 58.7 61.2
33 2.5 6.2 15.0 11.2 13.7 25.0 41.2 13.7 51.2
40 11.2 48.7 36.2 - 8.8 33.7 33.7 18.7 20.0 28.7
66 55.0 71.2 77.5 90.0 92.5 90.0 90.0 90.0 91.2
23 -30.0 -26.3 -33.8 -18.8 - 7.5 -22.5 - 7.5 -11.3 - 7.5
31 - 3.8 33.7 68.7 81.2 86.2 81.2 85.0 83.7 86.2
44 51.2 41.2 23.7 58.7 65.0 66.2 33.7 46.2 25.0
86 52.5 47.5 72.5 38.7 45.0 15.0 35.0 7.5 3.7
1? 0.0 -12.5 0.0 5.0 - 8.8 26.2 25.0 2.5 35.0
$ -32.5 1.2 31.2 35.0 22.5 43.7 11.2 33.7 36.2
39 50.0 37.5 65.0 70.0 65.O 65.O 37.5 30.0 62.5
77 53.7 82.5 86.2 93.7 93.7 93.7 82.5 91.2 93.7
3 46.2 37.5 60.0 25.0 27.5 46.2 6.2 8.7 -31.3
24
-15.0 - 6.3 - 7.5 -20.0 -13.8 -13.8 -17.5 -27.5 21.2
52 10.0 6 # 2 20.0 33.7 31.2 36.2 61.2 57.5 23.7
87 - 6.3 10.0 23.7 -10.0 27.5 8.7 7.5 50.0 -30.0
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Appendix I (continued)
Corrected Percentage of GRs In Acquisition
2000 Msec. Group - Males
Trials !#8H Trials 25-43 Trials 49-72
S# 70db 80db QOdb 70db 80db 90db ?0db lift on
7
f • ~> — 7 C mm?(\ fi '1 0 <
- 5.0 -27.
5
-20 # 0
35 2.5 30.0 40.0 72.5 75.0 82.5 62.5 77.5 32,5
55 -17.5 -37.5 -40.0 -22.5 22.5 12.5 -40.0 -10.0 -20.0
89 -22.5 -50,0 -12.5 2.5 10.0 -27.5 0.0 -15.0 35.0
14 -10.0 -20.0 30.0 -40.0 -40.0 •I?, 5 -32.5 -37. c -22.5
42 15.0 -50.0 -15.0
-37.5 -3^.0 -52.5 -40,0 - 2.5 -25.0
63 - 7.5 -12.5 2.5 -10.0 12.5 2.5 -12.5 -15.0 -32.5
9I4. 12.5 -17.5 - 7*5 25.0 -12.5 -12.5 20.0 47. % 12.5
2Q
— X C
. J fi fi fi fi fi fi fi fi fi fi fi fi
50 .22.5 - 2.5 17.5 12.5 10.0 22.5 0.0 0.0 0.0
90 0.0 0.0 0.0 30.0 0.0 12.5 27.5 37.5 22.5
93 0.0 0.0 0.0 57.5 0.0 -17.5 40.0 0.0 -10.0
22 25.0 7.5 32.5 42.5 35.0 35.0 30.0 20.0 47.5
43 -40.0 -12.5 -30.0 -27.5 -27.5 -40.0 -35.0 -22.5 -10.0
71 - 5.0 - 7.5 -35.0 -32.5 -30.0 - 2.5 7.5 30.0 -30.0
95 -37.5 -35.0 -32.5 15.0 15.0 12.5 -12.5 -17.5 2.5
35
Appendix H (continued)
I
CM
OS
Corrected Percentage of CRs in Acquisition
2000 Msec, Group - Females
Trials 1-24 Trials 25-43 Trials 49-72
26 10.0 -10.0 - ^-O —TOO 99 < 9 a
30 -25,0 -50.0 -37.5 -37.5 0.0 - 5.0 -37.5 -25,0
80 - 7.5 - 5.0 - 5.0 « 5.0 - 2.5 0.0 - 2.5
101 42.5 20.0 15.0 12.5 37.5 27.5 37.5
21
-35.0 -35.0 -32.5 -85.0 -40.0 - 2.5 - 7.5
5? 12.5 35.0 2.5 12.5 '+5.0 40.0 30.0 22.5
92 15.0 2.5 7.5 *^ (y « 2 67.5 40.0 37.5 37.5
100 0.0 7.5 25.0 35.0 m 2 # 5 2.5 - 2.5 -10.0
9* 0.0 2.5• -15.0 35#0 17.5 30.0 25.0
36 -10.0 -10.0 -12.5 0.0 37.5 * 2 • 5 22.5 10.0
SI -25.0 -25.0 -12.5 -25.0 -12.5 - 7.5 -10.0 ft* . 3
102 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 52.5 70.0 60.0 72.5 52.5 32.5 67.5 62.5
58 22.5 35.0 30.0 ^5.0 60.0 27.5 55.0 42.5
64 30.0 2.5 7.5 -15.0 -12.5 -15.0 -45.0 -15.0
93 - 1 .5 -47.5 30.0 2.5 ••22 # 5 - 2.5 - 7.5 -27.5
3*
©
O
cfl
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O
o
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©
c
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Appendix I
Corrected Percentage of CRs in Extinction
500 Msec. Group
Males
f Uu.D oOdD 90d"b s# 70db 80db
- 3.3 10.0 10.0 32 33.3 85.8 90.
C
—xu#o
-10.
7
24.1 47 -13.3 4.2 21.6
53 -22.5 17.5 7.5 85 25.0 85.8
76 13.4 46.7 14.5 99 5.9 59.2 21.6
13 7.5 -11.7 -I6.7 10 36.7 2.
1
42.5
60 - 5.8 9.2 11.7 27 36.7 18.3 5^.2
68 58.3 70.0 69.2 67 - 5.0 -10.8 - 5.8
33 11.7 - 8.3 - 4.2 72 35.8 5.0 20.0
2 -10,8
-15.0 - 5.B 20 - 9.2 46.7 29.1
- 1.7 - 1.7 - 0.8 41 1.6 55.0 5.8
54 - 9.2 36.7 19.1 75 -31.7 -15.8 -32.5
84 - 0.3 60.9 -18.3 96 84.2 84.2 35.3
11 -10.8 -11.7 8,4 19 18.3 13.3 26.7
37 - 9.2 -14.2 -10.0 28 19.1 4.2 - 5.3
69 23.3 2.5 4.2 59 52.5 10.0 30.0
103 - 5.8 27.5 ^5.9 73 73.3 65.0 60.8
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Appendix I (continued)
Corrected Percentage of CRs in Extinction
1000 Msec. Group
Males Feraales
s; ?0db 30db 90db S# 70db 30db 90db
rt k lo 16,7 66.7 63.3
38 - 1.7 6.7 - 8.3 33 11.6 - 6.6 - 5.0
61 -13.3 -15.0 - 8.3 48 -31.7 6.6 - 1.7
33 - 6.7 - 8.3 -11.7 66 11.7 25.0 51.7
4 23.3 -20.0 15.0 23 -15.0 -15.0 -20.0
6 •31.6 - m -20.0 31 13.4 11.7 - 1.6
51 -16.6 -10.0 5.0 44 36.7 58.3 33.3
78 -16.7 -18.3 3.4 86 -13.3 -20,0 -11.6
13 13.3 36.7 28.3 17 20.0 5.0 16.7
1*9 40.0 55.0 66.0 34 -18.4 1.7 11.7
62 28.4 18.3 31.6 39 -36.7 21.6 25.0
91 38.3 3.4 60.0 77 6.7 46,7 36.7
45 -11.7 -21.6 -35.0 3 8.3 20.0 -2C.0
6 5 - 1.7 8.3 3.3 24 -13.3 -15.0 -18.3
79 -16.7 33.4 13.4 52 30.0 10.0 15.0
97 38.4 10.0 - 1.7 87 20,0 13.3 - 1.6
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Appendix I (continued)
Corrected Percentage of CRs in Extinction
2000 Msec, Group
Males Females
S# 70db 30db 90db S# 70db 80db 90db
7 -40.0 -30*0 -60,0 26 -20.0 - 6.6 Ton
35 - 3.4 30.0 - 6.7 30 -30,0
- 3.3 -40.0
55 -13.3 -30.0 -20.0 80
-23.3
-13.3 13.4
89 13.4 13.3 - 6.7 101 -46,6
-23.3 - 3.3
ik •26.7 -16.6 -30.0 21
- 3.3 -46.7 - 6.7
13.4 -30.0 -60.0 57 -13.3 - 3.3 36.7
63 -13.3 - 3.3 -16.6 92 36.6 36.6 13.4
- 6.7 -26.6 -13.3 100 13.3 20.0 16.6
29 -50.0 -16.7 -53.4 9 3.3 - 6.7 20.0
50 -16.7 0.0 -50.0 36 -20.0 16.6
-33.3
90 -20.0 -23.3 -50.0 81 50.0 -30,0 -46.7
98 3.4 - 6.7 6.6 102 0.0 -16.7 0.0
22 20.0 3.3 0,0 15 10.0 fco.o 13.3
^3 -10.0 -16.7 -13.3 58 40.0 23.3 36.6
71 -10.0 13.3 -33.3 64 -16.7 0,0 3.3
95 -16.7 -23.4 36.7 93 -40.0 -30.0 -66.7
II 1 ! lllfflll II ™
H I I I ral HW I
